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av (x, 1) OF & em av (2.0) » By) | da 
and 5 dele ae en eet $3 “Oz,az, k, 0,3, aE +3 (1.9) 
eal 


The optimum functions v° and § ° are determined by equationa (1.8) and 
(1.9), whereby the conditions of the problem are satisfied by that solu- 
tion of the equations, for which v’ is a positive definite form. In 
general, the solution of Eqs. (1.8) and (1.9) is very cumbersome. Hence, 
the following approximate method is proposed: Instead of syatem (1, 2)(1.3), 

the auxiliary aystem ye 


wt = len OL, B= Ele 10) (2.1) 


is considered, where the parameter is introduced, so that for «= 0, 
the functional co 


| e(z.8, 0) ae 


can be readily minimized, ond that for ° varying from zero to unity, the 
functions fp and = paosa continuously into the functions °P i and W . 
By differentiating Eqs. (1.8) and (1.9) with respect to -4 , equations can 
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be obtained which describe the variation in the solutions 9° ona © 
with varying «)'. In particular, v and © ° can bo sought in the form 
of expangionst 


vem Shau(O)taterms Bm Dov (Oe (2.2) 0 iff 


in terms of o system of functions C ACS Cr) ) which satisfies Nas. (1.8) 


and (1.9) in approximating finite combinations of Eq. (2.2), (in the mean- 
square approximation, for exomple). The conditions of such an approxima- 
tion yield the equations for the change in the coefficients ao, and be 


with respect to } . This method is also convenient by the fact that, 
proceeding from the stable solution of the problem for 1+ = 0, and vary- 
ing continuously the porametora of the problem and the solution with 1", 
it ia possible to obtain that branch of the solution to qs. (1.8) and 
(1.9) which also gives (for each  ) the solutions ensuring the passage 
of the trajectory of the transient process along the pre-assigned motion 
z(t) (x(t) = 0). An example is given involving the choice of a con- 
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AUTHORS: Krasovskiy, N.N., and Lidskiy, E. A. (Sverdlovsk) 
ene ee 
TITLE: Analytical design of controllers in a system with 


chance properties. III. Optimum control in linear 
systems. Minimum mean-square error 


PERIODICAL: Avtomatika 4 telemekhanika, v. 22, no. 11, 1961, 
1425-1431 


linear stochastic control syetems and analyze conditions, in which 
a solution is possible. It is assumed that the automatic control 
system is defined by a linear motion equation in terms of usual 
coordinates, 4 variable #,(t) desoribing chance properties of the 
system which is of a Markov character, and of a random pulse funoc- 
tion representing inserference. Transients are evaluated by a mi- 
nimizing integral, and the problem is, therefore, that of finding 
, a control law which would ensure 4 probable asymptotic motion seta- 
pility of X = 0. The method used is based on Lyapunov's optimal 


TEXT: The authors aim at determining an optimun control law for ae 
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Yunc tions 0° One of the conditions which y° must satisfy is the 
Silvester criterion. Two Cases are considered: A) When the variable 
nt) Can assume a finite number of values, B) When the function u— 
q(7,B) A Abstractor's note: Not defined in the present paper_7 has 

n 


a density p(B). The function ° is of the form 1)°= >| Dy (Q)x4x5. 
1,j=1 
The coefficients bs 5 (4) are determined by a system of algebraic 


equations in the cage A),and in the case B) a system of integral 
equations can te obtained which extends to Stochastic systems the 
equations first derived by A. M. Lyetov (Ref. 4: Avtomatika i tele- 
mekhanika, Ve 21, nlo,. 4, 5, 6, 1960 and Ve 22, no. 4, 1961), The 
method for approximate 8olution was previously described by the 
authors, It is illustrated in the case of the eee for ined by a 
linear motion equation, A parameter is introduced: v= 0 when 
there are n independently controlled channels, and H= 1 when only 
one control affects all coordinates. When $= 0, the optimal func- 
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‘nn! ; 
tion is of the form y° = ~ ts When 0, & system of diffe- 

i=1 : 
rential equations is obtained of the forn: 


dp{2) | : 
se 7) OD al (4=1,0..,m5=15m=1,...4k) (4.6) a 


These equations must be integrated in the interval OS <1 taking 
into account the initial conditions, at = 0, The question whether 
the integration ig possible is equivalent to the problem of exist- 


of the integral of the mean-square error if the system is linear, 
The proof of the possibility of finding optimum control is based on 
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AUTHORS: Krasovakiy, N.N., and Lidakiy, E.A. (Sverdlovsk) 


TITLE: ‘Analytic construction of regulators in stochastic 
systems with integrals on the velocity of change of 
the regulating influence 


PERIODICAL: Akademiya nauk SSR. Otdeleniye tekhnicheskikh nauk. 
Prikladnaya matematika i mekhanika, v. 25, no. 3; 
1961, 420 = 432 


TEXT: A regular system is considered, in which the transition pro- 
cess may be written in stochastic differential equations of per- ie 


turbed motion 
dx, 
a =f; [x,, eons x Es n(t)] (i = 1, oeey n) (1.1) 


where X; are the deviations of the actual va’: es of the coordina= 
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tes of the regulated vector quantity from the original (unpertur- 
bed) value x, = 0 (1 = 1, «++, n)& is the regulating influence, 


Since the system is subject to random change, the random variable 
u(t) is included in the arguments of the function. It is assumed 
that f, are known continuous functions satisfying the Lipshits 
condittons [Abstradtor's note: Conditions not stated] in some re- 
gion G of the space (x, E, 1)» £,(0, Seg. Oy 7(t)) = 0, and the va- 


riable 7(t) describes the Markov random process [Abstractor's note: 
Process not stated]. The correct formulation of € in the regulator 
is obtained from 


1 =\ oe (1.2) 
a 
where M denotes the expectation of the random quantity, which is a 
given non-negative function of the arguments. The equation of the 
optimum regulator is of the form 
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ae = [x,, eoey x, ar J (1.3) 
The realization of the random variable n(t) is a power function 
bP (t). If « in (1.3) is chosen then for each realization and ini- 
tial condition (x5, rigor t= to)s (1.1) and (1.3) have a continu- 


ous realization Pe, Sai tor te a), Mex, Sor tor te 


,§P)) of x(t), =(t). If the random process takes place in the spa- 
ce (X45 seer Xie u)y then it is described as the Markov random 


process. Let [x(t), At). H(t ¥7x, 1&5) ‘ior t. denote a Markov ran- 
dom vector-function with initial conditions Xa Xio! A= for GF K 
=, at t = t,, and giving for t > t, a solution of (1.1) and (1. 3) 
It is assumed that f; and = are sone iaieus in the space (x, 2) and 
that the region G is given by j- © << xX, <-. 00 (4 = 1, eee, n)y = © 


Card 3/9 


APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210( 


"APPROVED FOR RELEASE: Monday, July 31, 2000 SLR DESO lone neuesece te 


=. 


sears ale aE MRS Ele NEST ee ES SELES ea AL : 
26728 
3£040/61/025/003/005/026 
Analytic construction of ... D208/D304 
TE NO, Wyn No J. is given by 
J¢ (20s Eo, Nol =| M {w (z(t), E(t), E(0)1/ 20, Eo, No: fo = 0} dt (2.3) 
: : 


The problem consists of determining 2x, ae me ca satisfying a) 
(2.1.) The unperturbed motion x= 0, £ = 0 with “= :° must be 
asymptotic to the robability relative to any initial perturbation. 
b) Condition (2.2.5. For any initial conditions (2.3 ) must be tke 
final condition and 


J. olx5» Boe No] = min Jp (x5, So” Yod (2.4) 5 
must hold. The problem is solved by means of the optimum Lyapunoy 
function v° which is required to Satisfy the following conditions: 
Condition 3.1. 

v°(x, B, 1) >wlx, $)>0 for jx,z; £0 
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w(x, 2) —> owfor {x, =;—> 00; 


° 
Condition 3.2. (iy ty = = wx) coer Xe Se O)5 (3.1) 


am _{v°} Bes 0; 
SSAA SEL OB aaa Ego +ulx,, 0005 X55, 5°] = min (aoe 


+ wlxys veer X08 5d); (3.2) 


Condition 3.4.3 v° (x, a ”) may have an infinitely small upper 
bound, and v°[x,%, 71] > 0 as w[x,&, 1] — 0. The solutions for 
vO and 6° are given by 
SAGEM ite, & nt SEM CLs, boot 
be, (4.7) 
+ Div? (a, & Be) 9 (n, Ba) — 9 (n) 0° (2, €, 0) + wz, &, 0°] =0 
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a Baal 
Gb 4 SEE 20 (4.8) 


where q = l-p has its usual significance in the probability theory. 
These equations may be solved by approximation methods. The prob- 
lem of choice of parameters of the linear system minimizing the 
quadratic criterion of qality is then discussed. From the works of 
N.G. Chetayev (Ref. 2: Ustoychivost' dvizheniya (Stability of Mo- 
tion), Gostekhizdat M., 1956), A.A. Krasovskiy and A.A. Fel'dbaum 
(Ref. 14: Vychislitel'nyye ustroystva v avtomaticheskykh sistemakh 
(Calculating Structure in Automatic Systems) Fizmatgiz, 1959) and 
J. Bertram and R. Kalman the following equations are obtained 

- 2 av°(z, E, 3 

S |S 45 (M1) y -b mG 

f=at j=l - 

4 [2% gn) 

aL” oe 


|+ Pulv? (z, E, Mk) — v? (z, gE, m)] —_ 


(6.6) 


ii wx —xt,— 22 — EP (Wa A2; koED) (6.6) 
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3 
(2, ty, Em) = Dy [is (ny) rir5 + Bi(m) rE) be(m)e? (l= 1,2 (6.7) 
i, jot 


By substituting the right-hand side of (6.7) in (6.6) ana equating 


coefficients of like powers of x; and:, the equations for Diy db, 


and c may be obtained as required. The problem of the existence of 
an optimum control law for the case 


Pr, Shy after time \ +] = Py, At + o(At) (4 # 3). (6.3) 


This is the question of the existence of a solution v° of the sys~ 
tem (6.6). A regularization law ¢ = €(q) is said to be possible if 
by this law the system 

2 


dx 
=i = > a4) x4 + m, & (j al 1, 2) (6.1) 
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approaches the probability asymptotically, and the integral of 
(6.5) has a finite value for any initial conditions. The problem 
of the existence (and optimum properties) of a control is investiga- 
ted by F.M. Kirillova. In the case where a possible control exists, 
the existenc2 of an optimum control is investigated by consider- 
ing the sys’em 

2 


dx, co . : : 

= = al Be a, 5(1) x4 + mn, 3] -(1- 7) x, (f=1, 2; 07 went 
j= 

and € = “xy, x5 8, 43 (7.2) 


It is required that for every v€l[o, 1] the system is asymptotic 
to the probability and that 


Ielxq% Xoq% S59 Yor T] = 
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-{ M ([x,7(t) + xy2(e) + 82 (4) 4 Slee oe ee pee eee 


dt = min (7.3) 


The optimum condition is found to be = 1, There are 15 referen= 
ces: 13 Soviet~bloc ana 2 non-Soviet~bloc. The references to the 
English-language publicationsread ag follows: R. Bellman, Dinamic 
programming and stochastic control processeg, Inform. and Control, 
vol. 5, p 228-239, 1958: R.E. Kalman a. I.E. Bertram, Control Sys- 
tem Analysis and Design Via the "Second Method" of Lyapunov. Paper 
Amer. Soc. Mech. Engrs, no, 2, 1959, 
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rn 
TITLE: Uniform asymptotic stability of differential-equa- 


tion systems with a small parameter in front of 
the derivatives 


PERIODICAL: Prikladnaya matematika i mekhanika, v. 25, no. 4, 
1961, 680-690 
TEXT: The asymptotic Stability of a system of differential equa- 
tions which have a small parameter in front of the derivatives, 
is proved on the basis of uniform asymptotic stability of a degen- 
erate system of first-approximation differential and of asymptotic ne 
Stability of some auxiliary system. The method of Lyapunov-func- 
tions is used. A linear system is considered 


dx: 
TZ = s ayy, (t)x7, + bigftdy, + f(t) (i = 1,...,m) 
= ; Gs) 
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dv : m n 
poi. 2. cay (tay + dy djg(t)y, 9 (j= 1,...,n) 


where p» is a small positive parameter. The stability of the solu- 


is investigated. It is assumed that the coefficients in Eq. (1.1) 
are bounded continuous functions of t, having bounded continuous 
derivatives, An additional condition is imposed on dig(t). For 
H- 0, system (1.1) degenerates into 


m 
dx; : : , : 
— = PD ai1 (ty, + PB big(t)y, + f(t), Poe gp Cede + Dea salt 


= 0 (1.5) 


Solving the second part of (1.5) with respect to y, and substitut- 
ing the solutions in the firat m equations of (1.5), one obtains 


dx. 
pat Oe ry(t)xp, + £4 (t (i = 1,...,m) (1.8) 
+ eB ik k y(t) ; m 
Card 2/6 
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where ry), (t) are bounded continuous functions. ‘The system 
d 
—l s Ls dya(t)y, Gk Steg) (1.9) 
8a 


is called auxiliary. It is show that for sufficiently small posi- 
tive valucs of the parameter » (and under certain conditions), the 
trajectory of system (1.1) tends to the trajectory of (1.5), and 
that from the stability of the auxiliary system follows the stabil- 
ity of (1.1). Theorem 1.1. If for (1.1) and (1.5) the following 
conditions hold: 1) system (1.8) is uniformly asymptotically stable, 


2) the system gy, 
=i. » djs @)yg (jf 1,..., n) 
8a 


with constant coefficients is (for all fixed values of @) uniformly 
asymptotically stable (with respect to @€ [t,, w]), then for suffi- 
ciently small 4 the system (1.1) is uniformly asymptotically stable, 
and for any pre-assigned positive Q and € it is possible to find a 
positive p,, so that 
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lx; Cty pd - 9g COL CE, Lyy Ct, pn) - vy CDI<E (1.10) 


: ly (to, pr) - yzlto)| ~ Q where t>t1(Q, €) 
holds if w<po. B» is chosen as small as required for making the 
difference between ty and t, arbitrarily small. ‘The proof of the 
theorem is given. the asymptotic stability of (1.1) is verified by 
considering two solutions with different initial conditions; in the 
verification, Lyapunov's function is used. On non-linear systems, 
system dx; 


= =» Xi (tes Yew )5- Keg = Big Cie Siw bveseg. a) 


dyj 2 ¥4 tx t; to 2 bs (j,k «1 n) 
= s+ Yio Yjo = fe) 3+ wm Lirocey, 
Mat : . ’ (2.1) 
is considered, as well as 
dxj 
=e ~ Xy [x55 fy, (xs, t), t] - Fy (xg, t), Xio = aio 
(2.4) 
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from the degenerate systein (analogous to that 


of the first 


Part of the article). An auxiliary system (of equations of per- 
turbed motion) is set up. It is assumed that the linear approxima- 
tion to the perturbed system 


dz; 
dt 


is uniformly asymptotically stable, 


Pa om t) : (t ‘ X + OX} of}. 
Fy sete (salt Seo” LiSie « 


Ls) 


s 


ly 4 
= a ¥5(Q,, Yk» C) 


est 
(2.8) 


In addition, the systen 


is considered. The following theorem is proved: Theorem 2.1. If 
for the system (2.1) the following conditions hold: 1) 
is uniformly asymptotically stable, 2) for the system 


Possible 
matrices 
‘matrices 
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stant), then (for sufficiently small ft) the solution of 

; system 
Nae 7 uniformly asymptotically ntabie with respect to small devi- 
oe Xjq and deviations of Yjo: There are 6 Soviet-bloc ref- 


SUBMITTED; March 7, 1961 
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TITLE: On a method for constructing optiygal trajectories 


PERIODICAL: Matematicheskiy sbornik, vol.53,no.2, 1961, 195-206 
TEXT: The author considers the system 


& = P(t)x+b n+ p(t), (0.1) 
where xX =4x -- n-dimensional position vector of the image point x 
in the phase space, b = {oj ,e-09b, f= constant vector, P(t) -- an nXn ‘a 


matrix with continuous elements P,4(t)s t€(0,00); p(t) =f 4(t), 6-0 ¥,(t)} 


the continuous outer action, (t) -- scalar control. 
Problem A: For a given x = Xo t= to = 0 determine a piecewise smooth 


4°(t) which is denoted as an optimal control so that it satisfies the 


y(t)l <1 (0.2) 


and that the trajectory x(x, »t,n 25 of (0.1) for m=1°(t) reaches the 
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point x = 0 in the shortest time t = r°, 

Problem B: For a givenx=x,, t=#t,=0, °(+) shall be determined 


so that (0.2) is satisfied aad the tenseetery x(x, »t, 4M) of (0.1) 
ae 


reaches the given manifold M of the space x in the shortest time. 

The author proposes an effective way of solution for which the problems 
A and B are approximated by problems the solutions of which are smoother, 
and which depend on certain parameters. 

Beside of (0.1) the author considers the auxiliary system 


ot = BP(t)x+B( pr Jus p(t), (1.1) 
where 0¢hé1, 0€ i “1, B(M) ie an nXn matrix with the elements 
by, = b, (i=1,..e,n), (1.2) 


ij * E55 (i=1,..6,n; j=2,...5n), (1.3) 


where ae are chosen so that B( hy) does not degenerate for pe(o,i. 
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fined analogously. = 
tee Bre) ens Prcaanentad matrix of the solutions 
Le ’ 
dx 


(1.5) 
a = P(t)x 


(F(0,&) = £)i 


6 
u(t, ra) = FT (ty BBC): (1.6) 


iN 1 (R f. 1 t N.N.Kra 
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a 
Sy ith (4 8 2) 
“ (2.9) 


fun . . 
1 


On a 


ae 


3 


uf (t, 0, B) = a . 
Blanes] 
fost Cid 
(je dy eee eM) 
) and the denominator of (2.5) 


where Asa ) 4s a solution of (2.4 


is #0 since B( }\) does not degenerate. 
(246) vi 


+ is stated: 
Lemma 2-1- It holds 


lim 7°(14 ps) ane. 
st component us (tats pr) of the optimal 


tends with respect to the measure to the 


poe 
2.2. For »70 the fir 
Aaa 
of the problem A. 


Lemna 
control of the problem 


optimal control x (*) 
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Furthermore it is stated that locally optimal trajectories are possible 
for p(t) #9! ee 

Definition 3.1- The trajectory x(x, toe ) of (1.1) 48 locally optimal 
if there exists an €>0 so that there exists no admissible control u(t) 
which satisfies (1.4), and for which x(x51ts¥) reaches the point x * ) 


for t = pz 7e( ar, m)s where 


Bieter #8 (os +41) (3.2) 


From the lemmas 2,1 and 2.2 and some further ones on the locally 
optimal trajectories there results the following way of solution: (1.1) 
is constructed; for = 0,M= 1 the optimal trajectory between.X * X, 
and x = 0 is & straight line. Having the solution for & YzZ0 (= 1) 
then one uses the theorems on {mplicit functions and determines 

aro ang 

ae’? re . The integration of the obtained aifferential equations 
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Let i 
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97 | 


be satisfied on these solutions. Then 


mp? a tim 1°(1,¢) 
poo 


(4.11) 


o the time T° there 
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Then the problem B is treated, where the equations (4.2) 1(4-7)-(4-9) ‘are ve 
completed by the equations which describe the variation of the coordinates 


(Aap) of the point ze M in dependence of ty (* + 


The author mentions A.A.Fel'dbaum, L.S.Pontryagin,; y.G.Boltyanskiy, 
R.V.Gamkrelidze, A.F.Filippov and F.M.Kirillova. There are 11 Soviet- 
ploc and 2 non-Soviet-bloc references. The two references to English- 
language publications read es follows: R. Bellman, J.Glicksberg, 0.Gross, 
Some aspects of the mathematical theory of control processes, California, 
1958. J.P.La Salle, Time optimal control systems, Proc. Yat.Acad. of Scey 


45, nod (1959), 573-577- 
SUBMITTED! April 21) 1959 : 
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Transactions of the All-Union Congress (Cont. ) SOV/6201 


"PURPOSE: This book is intended for scientific and engineering personnel who 
are interested in recent work in theoretical and applied mechanics. 


‘. COVERAGE: The articles included in these transactions are arranged by 
general subject matter under the following heads: general and applied me- 

‘ chanics (5 papers), fluid mechanics (}0 papers), and the mechanics of rigid 
bodies (8 papers). Besides the organizational personnel of the congress, 
no personalities are mentioned, Six of the papers in the present colleation 
have no references; the remaining 17 contain approximately 1400 references 
in Russian, Ukrainian, English, German, Czechoslovak, Rumanian, F~ench, 
Italian, and Dutch. 


TABLE OF CONTENTS: 
SECTION I, GENERAL AND APPLIED MECHANICS 


* Artobolevskiy, I. 1. Basic Problems of Modern Machine Dynamics 


° 
Bogolyubov, N. N., and Yu. A. Mitropol'skiy. Analytic Methods of 
the Theory of Nonlinear Oscillations 
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{Krasovskiy, N, N, Lyapunov's Second Method in the Theory 
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Lur'ye, A. I, Differential Equations of the Theory of Relative Motion 48 


Rumyantsev, V. V. Stability of Motion of a Solid Body With Fluid-Fixed 
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SECTION II]. MECHANICS OF FLUIDS AND GASES 


Babenko, K. I. Numerical Methods for Solving Problems of 
Gas Dynamics 72 


Vallander, S. V. Equations and Formulation of Problems in 
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AUTHOR Krasovskiy, NN. (Sverdlovsk) 
TITLE: On the analytical construction of optimal controi in the 
system with a time lag 


PERTODICAL . Akademiya nauk SSSR. Otdeleniye tekhnicheskikh nauk. Pri- 
, kladnaya matematika i mekhanika, v. 26, noe 1, 1962, 39-51 


TEX.: The author considers the problem of formulating the controlling 
action of the regulator in the system, in which the controlled object is 
described by linear differential equations with a time lag. Optimal con- 

tral acts under the conditions of asymptotic stability of the given motion, 

and of the integral with respect to time of the square of deviation of 
coordinat:s8 of controlled magnitude and controlling action, being minimum. 

The solution is based on A.M. Laypunov's method (Ref. 1: Obshchaya zadacha 

ob ustoychyvosti dvizheniya (General Problem of Stability of Motion) 
Gostekhizdat, 1950) extended to systems with a time lag and brought into 
agreement with the principles of dynamic programming. It is shown that 
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optimal action of the regulator taking place at every moment * during 

the control, should be expressed as a linear functional of the functions, 
describing the behavior of the controlled magnitude during the preceding 
interval of time, tne Zt (h = time lag). A real ferm of this fun 
tional is given. The author then uses a method of deformation of the sys: 
tem to explain the problem of existence of the solution, and gv¢es an 
approximate method of constructing optimal control. This paper is a gene 
eralization of the work of A.M. Letov (Ref. 6: Avtomatika . telemekhanika, 
1961, v 22, no. 4). The author expresses his gratitude for the help ob- 


tained. There are 1 figure and 2] references: 19 Soviet.-bloc and 2 non- 
Soviet~bloc.. The references to the English-language publications read as 
follows: I. Kramer, Information and control, v. 3, no. 4 (1960); R. Belle 
man and R. Kalabe, Journal of Basic Engineering, March (1961). 


SUBMITTED: August 14, 1961 
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ten of differential equations. The problem under inve 
solved by a modernized method of Lyapunov functions. 

dition (2.5) is replaced by the stronger condition 
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The method is based on the theory of dynamic pro cransin 
ved that the controller v0 in the stochastic problen, is cony 
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OPTIMAL CONTROL IN LINEAR SYSTEMS WITH TIME DELAY (USSR) 


rasovakly, N,N, Sibirekty matematicheskly zhurnal, v. 4, no, 2, Mar- 
pr 1963, 295-302, $/199/63/004/002/004/013 


The problem of constructing an optimal controller minimizing the integral mean 
Square error is studied in a linear control System described by the equation 


“Es Ax(t) + wBxlt-h) + mz, a) 

where x ig ar. n-dimensional deviation vector between the prescribed <notion 

{x= G} and the true motion {x, (t)] (i =1,2,...,n),-A and B are coefficient 
matrices, mis a vector, h>0 is the delay in action, and p is a small parameter 
characterizing the smallness of the delayed action. The establishment of the 
conirol € is carried out at any time instant t on the basis of information concern- 
ing the realization of the deviation x(t +) at “h¢ $< 0. The optimality criterion 
is presented in the form of a theorem formulated on the basis of 1) the method of 
the Lyapunov function modified for equations with delayed argument and 2) concepts 
i... Of the dynamic Programming method. The problem of Oonstructing an optimal 


CIA-RDP86-00513R000826210( 


APPROVED FOR RELEASE: Monday, July 31, 2000 


"APPROVED FOR RELEASE: Monday, July 31, 2000 CIA-RDP86-00513R000826210 


CET ENA TO NSN PRD EGPCS BOSSES GENS Te IIS ITU a BETES Ta 2s BETTI ELS SEBO TRG To RTT ES 
= oe 2 caer ge a 7 am i Ee ° . A 
A 


AID Nr. 984-4 6 June 


OPTIMAL CONTROL [Cont'd] 8/199/63/004/002/004/013 


controller is reduced to determination of the functionals v[x(§)} and £9 (x(6)] from 
equations obtained from the optimality criterion. Expressions for v and £9 are «' .-- 
derived in the form of infinite series in powers of ». It is proved that these 
series are convergent for sufficiently small values of p. [LK] 
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ABSTRACTS The ® control system described by the vector-forn equation Io 


a fit, x, w, u] + ylt) a) 
is taken, where x(t) is an n-ddmensional vector of generalized coordinates of the 
system subjected to a load described by Markov's random function w(t) and noise 
y(t), and u(t, x, w) 148 the control vector, The problem at hand is that of con- 


aeeeree 4 control function u(t, x, ¥ which minimises the performance functional _ 
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Krasovskiy, N. N, Prikladnaya matematika i mekhanika, v. 27, no. 2, 
Mar-Apr 1963, 244-254, $/040/63/027/002/005/019 
Two mottons in n-dimensional space are studied: the pursued motion 2(t) 


described by the equation 


ue = C(t)z + git) + di(tdy, 


and the pursuing motion y(t) described by the equation 


oy = A(t)y + f(t) + b(t)u, 


where y and z are vectors of phase coordinates y, and z, of the controlled 
_. objects, A(t) and C(t) are square matrices, b(t) and d(t) are parameters of je 
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the system in vector form, f(t) and g(t) are vectors of the external action, 
and u and v are scalars representing the control action. Under three types 
of constraint upon the control functions y(t) and z(t), the problem of the opti- 
mal encounter of two motions is defined as follows: The optimum control 


] 
| 
| 


functions u°(t) and v(t), with initial conditions to to, y°, 2°, are to be de- 

} termined such that the instant t, of the first encounter of two motions is 

' optimal, It is noted that t) is difficult to determine, and the estimation of 

| the value T2 t, > to, called the instant of the first absorption of the process 

' z(t) by the process y(t), is studied, A theoretical equation is derived from 

which T could be determined ina series of cases, but the practical solution SS 
of this equation is complicated, One particular case of determining T and 
constructing the optimal control functions is analyzed. The problem is 
studied of constructing the control u(t) from the information obtained during 
the realization of y(t) and z(t) which brings the motions y(t) and z(t) together 
when the control vit) of the object y(t) is unknown, Conditions are established 
under which such u(t) can be constructed, [LK] 
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“ABSTRACT: The author is interested in stabilization problems (in the sense cf 
Lyapunov) in which the feedback is limited because measurements can be made only 
of certain functions of the state of the system. He gives various sufficient 

‘ conditions (which are too complicated to state here) for existence of a solution 
to the problem. He exhibits differential equations whose solutions are the 
desired controls in the various cases above. These are all ¢elated to cases in 
which linearization of the original governing systea leads legitimately to a 
-golution of the problem, The author thanks V. Be Tret'yekov and Yue She Gurevich 
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“ABSTRACT! This article p presente: an analysis of the gyroscopic stabi- 
lization of a itolonomic, conservative mechanical eyetem with o degrees 
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potential energies, respectively, u {s the control function (force), 
ang by are functions defining the dfrection of the control ue The 


problem consists in selecting a contral function u(q,¢°)} for which | 
the state of equilibrium is aa 
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ation, Under the aedueatiout ‘that (L) has a solution q¢ = 0 at 
u = 0 and that its Linear. SpUReRimectos: te stattonary and is of the 
form _ 235 


where a44, by ie ee Souacante: ‘the form Lay ade is soetcive. 
definite and ty 4 .¢such a linear syetem £6 called conservative},: cha. 
following orobten of sealy tle: construction of optimal regulators {s . 
formulated; to find a control function u depending only. on the 
velocities qi’, q9' eeed, *, which minimtzee a certain performance 
functional and assures the ‘asymptotic stability of the motion q; = a. 
Verlous cases are analyzed and conditions are established under 
which the solutton of this problem fe possible. The problem of the 
stabilization of motion by disstpative forces fs analyzed and its 
connection with the problem of the analytic construction of eptinal 
regulators fe established, It te shown that conditione for stabi-~ _ 
lization by dissipative forces caincide with general conditions for 
control and stabilization of the system, The effects of dissipative 
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Com and instants t, are distributed according to the Poisson law with the frequency 
A. The optimum problem investigated in the article is formulated as follows: from 
the sets of ) > 0 and allowable control functions u, we are to select the optimal 
frequency A° and the optimal control u° wnich minimize the functional 


. M{tr) ! (2) 
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where M{fp} is the mathematical expectation of the random value Ey which character-— 
izes the performance of the system (1) on the interval [0, T] and is given by the 
expreesion 


ae T ‘ : 
b= Jote(, u(t) de, | (3) 
oo } 


where w[x, u] is a given function defined by the chosen performance criterion. Bell-~ 
‘man's method of dynamic programming is applied to this problem. General expressions ; 
for determining u° and A° are derived in terms of the “unctional Up a of the method | 
of dynamic programming. It is stressed that no construction of the functional Up, | 
‘dn closed form is known for the general case, Therefore, the author seeks the solu- 
‘tion of the problem for a particular case, when system (1) is linear and the func- 

‘tion w in formula (3) is of quadratic form. Under the asaumption that the linear 

‘system satisfies the conditions of asymptotic stability, the condition necessary for 
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{solving the optimal problem is established and a method for determining the optimal 


‘frequency A° and the optimal control u° in closed form is presented. An example il- 
-lustrates’ the theory, Orig. art. has: 68 formulas. : [LX] 
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TITLE: On stabilizing nonstationary systems 
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ABSTRACT: The article is a study of one particular case of stabilizing by first 
approximation a nonstationary control system. The control system whose phase coor- 
dinate y is subjected to small disturbances x is taken and the disturbed motion is 
described by the following system of equations: 


ds /dt = AQ) +B) ut 4s 2,4) (1) 


where A(t) is ann xn matrix, B(t) is ann x m matrix, u is an m-dimensional control 
vector, and g is a vector function whose terms are of order higher than one with 

respect to x and u and are uniform with respect to t when O < t ¢ ©. The stabiliza- 
tion problem is defined as follows: to find a control function u(x,t) which ensures 


Lyapunov's asymptotic stability of the zero solution x = 0 of equation (1). Under 
Ord 9s 
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special conditon that the matrix 


Vm (BC), A (3) BAG, « «2, AYE (0) B (2) (2) 


for every fixed value t - T = const > 0 is of rank n. Its first linear approximation 
is considered along with the complete system (1). .On the basis of results. of the 
theory of controlling linear céntrol systems, sufficient conditions are derived 
under which the nondisturbed motion of system (1) is stabilized by the linear control 
function u(x,t) = p(t)x, where P(t) is a certain matrix. Orig. art. Has: 20 for- 
mulas. {LK] 
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a“ 
ABSTRACT, This article is devoted to a discussion\of aome general results in 
the mathematical theory of stabilization of dynamic: systens. Primary attention - 
is given to two cases: I) atabilization problems Took upon as a natural ! 
development of the overall problem of the stability of motion, 2) stabilization. 
‘problems analysed in connection with control and observation problems in dynamic. 
systems. ‘The works.of N, G, Chetayev and his school ave used in applying i 
the theory of motion stability to the problem analysed. A brief discussion : 
of the resulta of the theory of control and observation in linear dynamic ‘ 
‘systems is presented. = : 
= A atabilfzation problem which is analyzed is formulated in its simplest: 
form as the determination of a function usGx such that the aoveuant x0 of 
the system whose movenent ig described by dx/dt=Ax+Bu will be asyuptotically 
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‘ayatems with infinite degrees of freadoa, : Orig. art. has: 5 formas. JPRS] 
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ABSTRACT: A study of a problem in optimal control is made. The optimal control 


problem u°[t,x(¢+0)J, which stabilizes to an asymptotic level the system with the 
residual effeot 


t) - . 
7) ca { dell (t, 0) 2(¢ 4. 0) + Bt) a, 
and minimizes the integral 
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4g studied. In those expressions z= ({x;} is the n-dimensional vector of phase 
coordinates of the controlled object; z(t+) (—c<0<0) is an element of the syaten 
trajectory, and 0 > O is a constant} H(t, 9) is a matrix with bounded variation about 
3 for —-o<0<0; B(t) is a matrix bounded for t > 03 u is an r-dimenajonal veotor 
of the control force; X_(0) ip an initial disturbance 2(f+0)(—o<0<0) of the 
object. The optimal control u[t,r(¢+0)] for this problem has the form of the 

linear functional 


0 cH 


wl 26-40) = POZO + | QU. o)2(t+0)d0 


—_ 


This problem is solved by an approximation method approach. Portions of this approach ; 
are taken from earlier work by M. Ye. Salukvadze (Avtomatika i telemekhanika, 23, Ho. 2 
1962) and by N. N. Krasovekiy (PMM, 28, v. 4, 1964). The problem is restated with 

the definition of optimality criteria. Optimality conditions are established, and 

proofs of limiting relationships are developed. The form of -the optimal control 

vector is showmn. Orig. art. hast 9 equations. 
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ABSTRACT: The pursuit problem for two objects whose motion is described by the 
differential equations: 


: ms y= Ay + Bu, ~(1) 
2 = Gz + Mv. -(2) i 


where y(t), Z(t) and u(t), v(t). are the state and control vectors of the pursuing 
and the pursued objects, respectively, and A,B,G,M are constant matrices, is analyzed 
under the assumption that u(t) and v(t) are constrained at every instant.1t by the :; 
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